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^ , The dissipative component of electron transport through the doubly connected SNS Andreev 

^0 ' interferometer indium (S) - aluminium (N) - indium (S) has been studied. Within helium tempera- 

ture range, the conductance of the individual sections of the interferometer exhibits phase-sensitive 
' oscillations of quantum-interference nature. In the non-domain (normal) state of indium narrow- 

ing adjacent to NS interface, the nonresonance oscillations have been observed, with the period 
inversely proportional to the area of the interferometer orifice. In the domain intermediate state of 
the narrowing, the magneto-temperature resistive oscillations appeared, with the period determined 
by the coherence length in the magnetic field equal to the critical one. The oscillating component of 
iy-^ I resonance form has been observed in the conductance of the macroscopic N-aluminium part of the 

Q^ i system. The phase of the oscillations appears to be shifted by tt compared to that of nonresonance 

I oscillations. We offer an explanation in terms of the contribution into Josephson current from the 

i coherent quasiparticles with energies of order of the Thouless energy. The behavior of dissipative 

' transport with temperature has been studied in a clean normal metal in the vicinity of a single 

. point NS contact. 

B 

^ ■ 1 Introduction 

a " 

In our previous experiments [1-4] on SNS structures based on clean metals, it has been established 
that at not too low helium temperatures, the dependence of normal conductance on coherent phase 
difference between superconducting banks can be preserved even in case the separation L between the 
^ ' NS interfaces exceeds the dimension L 1/im of the normal layers in SNS disordered nanostructures 
■ by three orders of magnitude. It is in those nanostructures that quantum-interference phenomena in 
dissipative transport have first been observed and are being widely explored today [5-13]. This means 
that the phase-breaking length in clean metals exceeds that length in nanostructures, ~ l/um, 
by no less than the same value. Low in nanostructures seems to be closely related to the short 
elastic scattering length for electrons: lei ~ 0.01/im in SD-structures and lf>i < 1/^m in 2D-electron gas. 
The above magnitudes of lei in metals are typical of high concentration of lattice defects. Insignificant 
contribution from inelastic scattering at the objects of that kind is evidently the main factor which 
constrains L,^. In contrast, the macroscopic value of in clean metals enabled us to extend the 
spatial range for examining the phase-coherent phenomena and to succeed in observing for the first 
time the long-range phase coherence at the ratios L/^t > 1, up to 10^. 

Moreover, note that the coherence length = y^hD/kBT [D is the diffusion constant) in dirty 
(diffusive) limit is expressible in terms of that length = = hvp/kBT in clean limit as follows 
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the values L/^t are the same, do not coincide but must be related by the equation 

{Tr>f ^ hyp (L^\ {L/iTf ^ 
Td \lp) \L/^tY^ ■ 

(We imply that the phase-breaking length is no less than both LP and L'^, the separation between 
A^S* interfaces in clean and dirty samples, respectively). It thus follows from Eq. (1) that the values 
of the parameter L/^t = yTjEc (E^ is the gap in the density of states [14]) common to both limits 
at which phase-coherent phenomena behave similarly must be realized at different temperatures. For 
clean metals, these would be significantly higher. For example, for U'/L'^ ~ 10, the parameter L/^t in 
a clean sample with l^i 2> l/im at T = 2K is of the same order of magnitude as that in a diffusive sample 
with Id ~ 0.01/im at T < O.IK. Below we will show that the relationship between the temperature 
regions within which phase-coherent effects behave analogously in 2DEG-samples with l^i ~ l/im [11] 
and SD-samples with Igi ~ 0.01/xm [5-7], provided L^^ /L^^ ~ 1, is also given by Eq. (1). 

The initiation of the phase-coherent phenomena at L/^x > 1 means that long-range phase coher- 
ence exists under exponentially small proximity effect for the main group of quasiparticles with the 
energies e ~ T. In ultra-clean structures those phenomena can therefore be observed within a macro- 
scopic scale and at not too low helium temperatures. This circumstance may appear to be urgent 
when solving the problem of extracting certain quantum information from various quantum systems 
through macroscopic channels. 

The first evidence for the long-range influence of a superconductor on the conductivity of a normal 
metal adjacent to it is directly contained in the experimental observables from the structures with a 
single boundary [15, 16]. The effect was reported to extend over length scales up to L/^t ~ 5^ 10 
away from the boundary. Subsequently, the interference effects have been discovered in doubly con- 
nected S'A^S' systems made of disordered metals (nanostructures) with short [5-7]. Up to now, the 
variety of L/^t studied did not exceed in magnitude the abovementioned. However, as our experi- 
ments show, the manifestation of the phase-coherent phenomena in doubly connected SNS systems is 
not restricted by that interval of L/^t- Besides, available findings concerning the behavior of those 
phenomena within the limits of that interval are sometimes interpreted ambiguously (see Fig. 6). 
Thus, further investigations of the phenomena of such kind are needed. 

Below we report on the investigations of the temperature and phase-sensitive features of the con- 
ductance of the SNS system in a geometry of an Andreev interferometer. The system was formed by 
two clean metals in contact, aluminium (in the normal state) and indium, both with l^i ~ 100/xm. This 
allows us to achieve the conditions L, 1^ ^ = ^t- ratio L/^^t was about 10^. The contribution 
from supercurrent due to the main group of carriers with the energy e ~ T was entirely eliminated 
since all three dimensions of the normal layer in the SNS system exceeded inherent microscopic spatial 
parameters which are responsible for the proximity effect. 

2 Experiment 

Shown in Fig. 1 is a schematic picture of the doubly connected system investigated made of two metals 
in contact, aluminium and indium; Inset is an equivalent measuring scheme. Once indium becomes 
superconducting, the system acquires the SNS configuration of Andreev-interferometer type with an 
orifice formed by an aluminium bar (of cross section 2 X 2mm) and an indium strip soldered to each 
other at the points a and h. The orifice area comprises A = ab x h 3mm x 15/im. 

In our early experiments involving the S'A/^S' systems with copper [3, 4], the wide soldered AfS' contacts 
of characteristic size m could not considerably increase the contact resistance Rcont since m ^ l^i. In 
contrast, here, current flows through the narrow contacts a and b with significant spreaded resistance 
i?sii of "Sharvin type" which usually develops as m <C lei [17]. The contacts of such size appear in 
spot soldering indium to aluminium we use in the present work. Note that as we confirmed repeatedly 
before, the immediate soldering of the metals of the highest purity, with Residual Resistance Ratio at 
300K and 4.2K RRR > 10^ {Igi ^ 100/xm), results in the contact barrier height z close to zero, the 
corresponding transparency coefficient being t = {1 + 2;^)"^ ~ 1 [18]. [z ^ for processing that do not 
destruct, fully or partially, an oxide layer or other contaminations at the metallic surface). 
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total current Inn through a contact between two normal metals must be related to the contact area 
Acont by the equation [18] 

Inn = 2i^{€)e^vpAcontUsht = Ush/Rsh (2) 

in which i/(e) is the density of states in either contacted metal while Ush is the voltage drop at the 
spreaded resistance Rsh- Selecting aluminium, with normal conductivity cjat = {l/3)e^VFiy{e)l(,i, as a 
3D-part of the system, from Eq. (2) we get the contact area Acont 

Acont = {im^l/L^'){U^'/Usk)A'^\ (3) 

Here, we took into consideration that Inn = j^^A^^ = jcontAcont {j^^ and jcont are the current densities 
in aluminium and in the contact, respectively). In addition, A^^ « 4mm^ is the cross section area of 
aluminium bar; L^^ Ki 1.5mm is the length of the corresponding Al part between one of the contacts, 
say a, and the measuring probe V2 (ac in Fig. 1); U^^ = InnR^^ is the voltage across the Al part; 
i?^' is the resistance of that part measured independently. The potential difference Ush across the 
spreaded resistance can be found from the voltage U measured at the probes Vi and V2: 

Ush = U - Inn{R^^ + R^narr,N) 

where R^^rr N resistance of the indium narrowing next to the contact (see Inset to Fig. 1) in the 

normal state. Other quantities necessary for estimating Acont have been measured to be as follows. 

R^^^A- 10-^°n; Rsh ~ 1.1 • 10"^Q; R^narr,N ~ 1-7 • 10~^^. 

Hence, Eq. (3) yields that the characteristic dimension m of the "spot" at the contacts a and b 
may amount to approximately 25jLtm, this corresponding to inequality l^i > fn, so that an additional 
spreaded resistance Rsh may appear. In our experiment, i?sh exceeds the resistance of the normal 
region ac by two orders of magnitude. 

We performed dc four- and three-terminal measurements using normal (copper) leads /i, Vi and 
I2, V2. The former were soldered to indium beyond the narrowings while the latter were spot welded 
onto aluminium. Measuring current (I ^ 0.5A) was inserted into the system via the leads Ii, l2- Once 
the NS contacts have been prepared, the indium narrowing next to the contact b was further thinned 
down (by drawing) to bring the resistances of the interferometer arms dbf and daf (see Inset to Fig. 
1) into the relation Rd,j,f S> Rdaf {Rdbf = R^arrb ~ lO^^O). Assuming this, practically all the current 
injected was passed through the circuit "Ii - indium narrowing - contact a - aluminium - /2"- The 
macroscopic phase difference was still controllable. 

The phase difference was varied by applying external magnetic field Hf, from the rectangular wire 
turn carrying the current Ih^- The turn was attached directly onto the aluminium bar face in such 
a way that the plane of the interferometer orifice was parallel to that of the turn. This circumstance 
simplifies calculating the field strength in the orifice region. To compensate the extraneous fields, the 
sample with the turn was placed inside a closed superconducting screen. 

The potential difference between leads Vi, V2 was measured by the device using a thermomagnetic 
superconducting modulator [19], with an accuracy to no more than (0.5 -f- 1) x 10~^^Y. This allows us 
to study the effects of the magnitude of down to 0.1% in the conductance of macroscopic A/'-regions. 
The error in measuring current and temperature ranges from 0.001% up to 0.01%. Current-voltage 
characteristics were verified to be linear over a wide interval of currents. 



3 Results and discussion 

3.1 He = 0. Temperature dependence 

Curves 1 and 2 in Fig. 2 depict the temperature dependence of the potential difference U normalized by 
the measuring current which is inserted into the system via the leads Ii and I2, assuming Rcont ^ Rcont- 
When the temperature was lowered down to the critical superconducting point for the bulk indium 
part rj'^ = 3.41K and the NS boundary developed, a step-like increase in the resistance of eac- 
section was revealed, of the type we pioneered in observing in 1988 [15]. We believe this to be 
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that Andreev reflection can manifest itself macroscopically only at temperatures somewhat below Tc 
for bulk indium when the superconducting energy gap grows in value noticeably. In particular, at 
T = 3.2K, A(T) « O.IA(O) while [1 - T/Tc] « 0.06. Analyzing the contribution into resistance 
from individual parts of the SNS system, estimated in Sec. 2, and curves 1 and 2 in Fig. 2, one 
concludes that only indium narrowing can be responsible for the height of the jump in resistance near 
and its further changing with cooling down to T « 1.8K [Rsh does not depend on temperature 
and R^^ ^ ^narr n)- ^^^^ ^^^^ resistance of the narrowing at NS configuration of the system 
(fa 3AxW-^n at T = 3.2K) is twice as large as that resistance in NN state l.TxlQ-^Q at T = 3.5K). 

According to the microscopic theory [21, 22] such an increase in the normal resistance assuming 
Andreev reflection occurs is due to the doubling of the scattering cross section for electrons at the 
impurities located within the range of order of the coherence length away from the NS boundary 
(for indium, « lO/xm at T « 3K). This can be detected in case L ^ 0^ where L is the length of a 
normal metal layer measured from the boundary. The estimation for the dimensions of the narrowing, 
with the magnitudes of RRR^"^ 4 x IQ^, Acont- and R^arr^ shows that the distance from the "spot" to 
the bulk indium section of the system where the TVS' boundary arises at T < TJ"^, is of order of lO^um, i. 
e., is comparable to ^j.. Therefore, the above theoretical conclusion about the twofold enhancement of 
the resistance seems to be directly confirmed for the first time. The maximum increase in the resistance 
we managed to observe before did not exceed 60% [23]. 

In Fig. 3 (curves 2-5) we present the conductance measured on the opposite side from the contact 
a, within the normal aluminium part, as a function of the thickness of the normal layer next to NS 
boundary, i. e., of the separation Ljsfs between the normal lead N and the superconducting point 
contact a. The measurements were performed by dc four-terminal zero method which allowed us to 
exclude the contribution i?sh + ^rmrr- In this case, the ring of the interferometer was interrupted. 
For comparison, in Fig. 3, we also show the temperature-dependent resistance of the same aluminium 
sample (curve 1) measured using only normal leads. 

The curves in Fig. 3 illustrate the evolution of the increase in resistance of the next-to-contact 
aluminium layer dependent on L^s, with the rise of A^S boundary. It is seen from comparing Figs. 2 
and 3 that the effect of increasing in the normal resistance observed on each side of the contact a is 
similar to the effects evidenced in other NS systems, with other metals, at arbitrary area of the NS 
boundaries, and dissimilar arrangements of the leads [2, 23]. The nature of the effect as mentioned 
above is associated with the interference of the coherent Andreev reflected electrons while its magnitude 
only depends on the ratios ^t/Lns, lei provided 3> lei ^ and Lj^s < Li^. The results in Fig. 
3 thus show once again that the long-range phase coherence in a clean metal at the temperatures 
investigated can be sustained within macroscopic distances, of no less than 1.5mm in our case, at 
L/Ct ~ 10^ This fact, as well as our previous findings [1-4, 23], points out that the phase breaking 
length is at least of the same order or greater. 

The temperature-dependent resistance of both indium and aluminium measured on each side of 
the contact a below the jump temperature where < L^s, is governed by the same power law ~ T^'^ 
(see Figs. 2 and 3). In Ref. 2, we detected similar behavior of aluminium comprising a part of NS 
system when measurements were carried out in a different way. We find this to be an additional 
confirmation that the temperature-dependent phase-breaking length does determine the temperature 
dependence of the conductance of a metal layer as a whole, within the range < L^s < -^</>, under 
multiple Andreev reflections [2]. 

3.2 He^O 

3.2.1 Nonresonance oscillations 

The potential difference U measured across the leads Vi, V2 as a function of the external magnetic 
field He at T = 3.2K exhibits an oscillating component with the period {hc/2e)/A, A being the 
area of the orifice (see Fig. 1). The amplitude of the oscillations is plotted in Fig. 4, curve 1, in 
relative units U/I cc {R}j — Rh=q) / Rh={)- Its absolute value comprises A{U/I) = {Rmax — Rmin) ~ 
4.5 X 10-ioj] which corresponds to approximately 2% of the indium narrowing resistance R^arr SN- 
Here, Rmin stands for Rh=o- In Fig. 5, the temperature dependence of the difference A{U/I) = 



4 



dependence d{U/I)/dT in Fig. 2, points out that the domain intermediate state in indium narrowing 
is realized only after reducing the temperature down to T ~ 3. IK. Independent analysis, accounting 
for the size L^Jlrr-^ leads to the same conclusion. Indeed, at T > 3K, the length Lnarr in self-magnetic 
field (~ lOOe) of measuring current does not satisfy the condition for arising the domain structure 
with the number of domains greater than 1 [3]. Moreover, once the temperature reduced lower than 
3K, magneto-temperature resistive oscillations appear (see Inset to Fig. 5), with the period Ajj^^^^ ~ 
hc/e^jj in critical magnetic field where $,h ~ '^\/ qRl [HdT)] ~ Ifim at T = 3. OK [q is the screening 
radius for an impurity, R\^{Hc) the Larmour radius) [1, 3]. This fact is supposed to result from 
the transition of the indium narrowing into the domain intermediate state and thus is an additional 
evidence for that transition occurs at temperatures not higher than ~ 3. IK. 

Compare the parameters of oscillations observed at 3.2K (curve 1 in Fig. 4) with theory and 
the data thus far available from other investigators. In Fig. 6, we plotted the most characteristic 
data from Refs. 7, 11, and 13 on the temperature dependences of the relative amplitudes \A.R/Rn\ 
of the resistive oscillations as a function of the parameter T^\JT = {^t/LY', with the "Thouless 
temperatures" Txh adopted by the authors. Also, shown is the theoretical curve [24] |Ai?/i2jv| = 
\Rmax~RN\/ Rn , where Rmax and Rn are the resistances in maximum and minimum of the oscillations, 
respectively. The curve has been received by numerical simulation for cases (f) = tt and = assuming 
Ttii = D/ttLP'. Apperent discrepancy between the data presented and theory [24], as well as between 
different experiments, can be almost entirely removed if one takes an energy criterium T* = D/2ttLP' 
received for dirty limit in Ref. 25 as a gap in density of states generated when coherent excitations 
are localized in a normal part between NS interfaces due to Andreev reflections. The same results as 
in Fig. 6 are presented in Fig. 7b, using the separation between superconducting "mirrors" as L and 
the above parameter T* as "Thouless temperature". It can be seen that the experimental oscillation 
amplitudes modified in such a way follow a certain law in the parameter T* /T . This feature results 
immediately from the theory by Aslamazov, Larkin, and Ovchinnikov [25] developed as early as 1968. 
In fact, consider that quasiparticle dissipative current is a difference between the total current and 
its non-dissipative part and is proportional to /(cos Ax), Ax being the macroscopic phase difference 
[26]. Based on the analytical expressions for non-dissipative current (~ sin Ax) from [25] we thus find 

%^ = [1 - (1/-)^ exp(-(A + 1)) ln(a( (4) 

Here, L/^t = (T/T*)-^/^, a is a coefficient of order of unity. 

The curve thus calculated for a = 2 is plotted in Fig. 7a, together with the curve Rax=o/Rn from 
Ref. 24. It can easily be seen that both curves predict the existence of long-range phase coherence, 
i. e., a non-exponential decay of the oscillating dissipative component in the conductance of an SNS 
system under L/^^t ^ 1- The two curves differ from one another by the factor \/2 in their position 
relative to L/^t scale to the extent as ^^"^^ differs from . The same theoretical curve for the relative 
oscillation amplitude \AR/Rn\ from Ref. 25 is shown in Fig. 7b by dashed line. It describes properly 
the position of all the experimental data from Fig. 6 on the temperature scale which fact supports the 
conclusion about the relationship between the temperature intervals deduced from Eq. (1). (When 
handling the experimental data from Ref. 11 we took into consideration that the normal-part size 
in one of the directions exceeded lei and did not satisfy the ballistic criterion for In this case, 
the Thouless temperature must be estimated in a different way as we have done). Moreover, from 
the curve [25], we can also obtain correct quantitative estimation for the oscillation amplitude in the 
corresponding temperature intervals. Excluded are the data reported in Ref. 11 where the total sample 
resistance is taken as i?jv rather than the resistance of the section between the "mirrors". 

Hence, as the above analysis corroborates, the experimental results [7, 11, 13] have most likely 
been received in the range of the parameter I//^r > 1 iT* /T < 0.3), i. e., in "dirty" limit. In contrast, 
it seems to be reasonable to attribute the oscillations observed from the indium narrowing next to 
contact a at T = 3.2K to the quasiballistic regime LJJJj^^/^t ~ 1. In this regime, a characteristic 
temperature must be T^"' = hup/k^L. The oscillation amplitude calculated employing this parameter 
as T* and L^narr ^ is shown in Fig. 7b as a square. Its location on the temperature scale agrees 
with theory [25]. 
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At T ~ 2K, we observe the oscillations in a magnetic field (curve 2 in Fig. 4) which have a resonant 
form unlike those observed at 3.2K. Their period does not change and is given by (hc/2e)/A. We assume 
their nature to be connected with the peculiarities of the phase-coherent interference in aluminium. 
The reasonings are as follows. First, at T 2K, the resistance of indium part becomes as low as that 
of aluminium between points a and c (see Inset to Fig. 1). Second, the phase of resonant oscillations is 
shifted by tt relative to that of nonresonance oscillations. (It is worth noting that the above inversion 
of the resistive oscillation phase has also been observed in other works, for example, [11, 13] in which 
the interferometer geometry and measuring technique differ from those in our experiment). 

We should emphasize once more that in the system investigated the phase-breaking length is either 
much greater than the separation between the injectors of electrons, as in case of indium narrowing in 
the domain state, or of order of that separation, as in case of aluminium part (~ 1mm in length). This 
is the first condition necessary for phase-coherent quasiparticle phenomena to reveal themselves in the 
conductance of S'A/^S' systems with large separation between the interfaces. Next principal consideration 
which has been discussed in detail in theory [27] is the limitation on the dimensions of injectors which 
act as reservoirs of quasiparticles. In the ballistic regime, an electron beam must be splitted at the 
injector site in order that Andreev-reflected excitations, with low energies e < E'c ~ hvp/L, follow 
quasiclassical paths connecting both superconducting "mirrors", instead of returning into the injector 
after the first reflection. Under such conditions, the coherent phase difference between the "mirrors" 
can be established. As shown [27], the diameter of the injector-reservoir should not exceed de Broglie 
wave length Ab (this was first noted in Ref. 28). It is not difficult to understand that this limitation 
loses its meaning if a superconducting bank serves as at least one of the injectors since in this case the 
splitting is not needed for initiating a trajectory connecting both banks. In our SNS system, current is 
introduced through one of the "mirrors" (Fig. 1) so that the above limitation is absent, for both the 
indium narrowing in the ballistic regime and the aluminium section in the regime close to the diffusive 
one. 

Since the separation between Andreev levels is ~ hvp/L we can assume that it is the aluminium part 
in which 2K-oscillations arise connected with the fine structure of Andreev spectrum for low-energy 
electrons. As mentioned, the oscillations have a resonant form, in contrast to both 3.2K-oscillations 
in indium narrowing and the oscillations we observed before in normal copper part of the SNS system 
with large area of "mirrors" and current injected not through the "mirrors" [4]. As can be seen from 
Fig. 4, the amplitude of the resonant oscillations relative to the resistance of aluminium between 
the "mirrors" is about 4%, in accordance with the ratio E^L/T for aluminium rather than indium 
narrowing. Theory [27, 29] yields that the resonant oscillations can be expected to result from the 
degeneracy of the transverse modes on the Fermi level. In this case, the Andreev-level energies 

4 = ^[(2n+l)7rTAx] 

(Ax is the macroscopic coherent phase difference between the "mirrors") go to zero as soon as Ax = 
(2n + l)7r. The degeneration condition therefore assumes that the phase of resonant oscillations should 
be inversed relative to that of nonresonance oscillations, the latter being given by Ax = 2n7r. The 
inversion of this kind we observe for the oscillations of resonant form. 

4 Conclusions 

The phase-coherent component of the dissipative electron transport has been studied in a doubly con- 
nected hybrid system formed by clean metals, In and Al, with elastic mean free path about 100/7,m and 
phase-breaking length greater than 1mm. The device has a geometry of an Andreev SNS interferom- 
eter. The characteristic dimension of the NS interfaces is less than the mean free path while the size 
of the normal part between the interfaces is comparable to the macroscopic phase-breaking length. A 
number of phase-sensitive effects of quantTim-interference nature have been revealed in cases when 
current is injected both through one of the TVS' interfaces and beyond them. The effects result from the 
presence of coherent component due to Andreev reflection. We distinguished the effects originating 
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interface and normal aluminium. 

The resistive oscillations with the period ^o/A observed in an external magnetic field at T = 3.2K 
we relate to the behavior of the electron transport in the indium narrowing in the normal (non-domain) 
state. In the domain intermediate state of the narrowing, the oscillations of the magneto-temperature 
type have been revealed, their period being ^^o/^Hc{t)- 

At T < 2K, the resistive oscillations of resonant form are detected, with the phase shifted by 
TT in reference to that of nonresonance oscillations. We suggest that the resonant oscillations are 
exhibited by macroscopic normal-aluminium section of the system. The oscillations originate from 
the degeneracy of the transverse Andreev modes for coherent quasiparticles, with energies of order 
of the Thouless energy, at the Fermi level. For such quasiparticles, the transport regime may be 
ballistic when moving through a normal region of macroscopic size L, between a reservoir and NS 
interfaces, if lei ^ C^"'- In the ballistic regime, on condition that NS interface serves as one of the 
electron injectors, the manifestation of the phase coherence does not depend on L as long as L < L^. 
It can thus be assumed that the observation of the phase-sensitive effects in the conductance of 
macroscopic SNS systems is only restricted by those values of L at which the normal reflection from 
A^5 interfaces becomes dominant. This occurs provided Ec/T < y/E^jEp [27] whence it follows that at 
T ~ 2K and L<^ — ^ oo L must be over 10cm. This is a limiting value of the distance between interfaces 
at which the long-range phase coherence can manifest itself at helium temperatures ((L/^^"') ~ 10^). 

The phase-sensitive quantum phenomena in the conductance of the SNS system formed by clean 
metals we observed experimentally at not too low helium temperatures under the condition {L/^^^) ~ 
10^ can be reasonably explained in the limits of the above i^scale for long-range phase coherence due 
to the contribution from low-energy coherent excitations with the energy Ec <C T, A. 
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Fig. 1. Sketch of the 5'7VS' interferometer and equivalent measuring scheme (Inset). Crosshatched is 
the bulk part of indium. 

Fig. 2. Temperature-dependent resistance of indium narrowing in the vicinity of contact a at 
^cont ^ ^cont (curves 1, 2) and its derivative (curve 3). Circles and triangles depict the data from 
minimum {Hg = 0) and maximum [Hg = 0.3mOe) of the resistive oscillations observed at T = 3.2K. 
The jump on the curves 1, 2 corresponds to the twofold increase in the resistance of indium narrowing 
after the initiation of the A^5 interface (spreaded contact resistance included). 

Fig. 3. Effect of increasing in the resistance of aluminium part near the interface (in the region ac, 
see Fig. 1) as a function of the separation between A?^ probe and point A^5 interface. Hg = 0. 

Fig. 4. Phase-sensitive component of the resistance of the interferometer with Ra <C Rb vs external 
magnetic field. Nonresonance oscillations from indium narrowing at T = 3.2K (triangles) and resonant 
oscillations from aluminium at T = 2K (circles). 

Fig. 5. Temperature dependence of the difference between the resistance of the interferometer at 
Hg = 0.3 mOe and Hg = (Inset is the same enlarged). 

Fig. 6. Temperature dependence of the amplitude of phase-sensitive nonresonance conductance 
oscillations from experiments [7], [11], and [13]. Solid curve is theory [24]. 

Fig. 7. a - Resistance of an SNS system against the parameter L/^t as follows from [24] and [25]; 
b - Temperature dependence of the amplitude of nonresonance conductance oscillations from [7], [11], 
and [13] (see Fig. 7) modified in accordance with the theory [25]. 
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